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Summary
Background Mortality within the fi rst 6 months after initiating antiretroviral therapy is common in resource-limited 
settings and is often due to tuberculosis in patients with advanced HIV disease. Isoniazid preventive therapy is 
recommended in HIV-positive adults, but subclinical tuberculosis can be diffi  cult to diagnose. We aimed to assess 
whether empirical tuberculosis treatment would reduce early mortality compared with isoniazid preventive therapy 
in high-burden settings.

Methods We did a multicountry open-label randomised clinical trial comparing empirical tuberculosis therapy with 
isoniazid preventive therapy in HIV-positive outpatients initiating antiretroviral therapy with CD4 cell counts of less 
than 50 cells per μL. Participants were recruited from 18 outpatient research clinics in ten countries (Malawi, 
South Africa, Haiti, Kenya, Zambia, India, Brazil, Zimbabwe, Peru, and Uganda). Individuals were screened for 
tuberculosis using a symptom screen, locally available diagnostics, and the GeneXpert MTB/RIF assay when available 
before inclusion. Study candidates with confi rmed or suspected tuberculosis were excluded. Inclusion criteria were  
liver function tests 2·5 times the upper limit of normal or less, a creatinine clearance of at least 30 mL/min, and a 
Karnofsky score of at least 30. Participants were randomly assigned (1:1) to either the empirical group (antiretroviral 
therapy and empirical tuberculosis therapy) or the isoniazid preventive therapy group (antiretroviral therapy and 
isoniazid preventive therapy). The primary endpoint was survival (death or unknown status) at 24 weeks after 
randomisation assessed in the intention-to-treat population. Kaplan-Meier estimates of the primary endpoint across 
groups were compared by the z-test. All participants were included in the safety analysis of antiretroviral therapy and 
tuberculosis treatment. This trial is registered with ClinicalTrials.gov, number NCT01380080.

Findings Between Oct 31, 2011, and June 9, 2014, we enrolled 850 participants. Of these, we randomly assigned 
424 to receive empirical tuberculosis therapy and 426 to the isoniazid preventive therapy group. The median CD4 
cell count at baseline was 18 cells per μL (IQR 9–32). At week 24, 22 (5%) participants from each group died or were 
of unknown status (95% CI 3·5–7·8) for empirical group and for isoniazid preventive therapy (95% CI 3·4–7·8); 
absolute risk diff erence of –0·06% (95% CI –3·05 to 2·94). Grade 3 or 4 signs or symptoms occurred in 50 (12%) 
participants in the empirical group and 46 (11%) participants in the isoniazid preventive therapy group. Grade 3 or 4 
laboratory abnormalities occurred in 99 (23%) participants in the empirical group and 97 (23%) participants in the 
isoniazid preventive therapy group.

Interpretation Empirical tuberculosis therapy did not reduce mortality at 24 weeks compared with isoniazid preventive 
therapy in outpatient adults with advanced HIV disease initiating antiretroviral therapy. The low mortality rate of the 
trial supports implementation of systematic tuberculosis screening and isoniazid preventive therapy in outpatients 
with advanced HIV disease.

Funding National Institutes of Allergy and Infectious Diseases through the AIDS Clinical Trials Group.

Introduction
Introduction and expansion of antiretroviral therapy 
programmes have saved millions of lives among 
HIV-positive individuals in resource-limited settings.1 
Despite these successes, individuals with advanced 
HIV disease continue to present for care, and up to 
17% of adults die in the fi rst year after antiretroviral 

therapy initiation.2 Risk factors for early mortality after 
antiretroviral therapy initiation include a low CD4 cell 
count, low body-mass index, and anaemia, with those 
having a CD4 cell count of less than 50 cells per μL 
having the highest risk of any individual factor.2

Tuberculosis is the most common cause of mortality in 
HIV-positive individuals and both prevalent and incident 
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tuberculosis infections are major contributors to early 
mortality in patients presenting to outpatient settings to 
initiate antiretroviral therapy.3 Up to 70% of patients with 
tuberculosis in sub-Saharan Africa are HIV positive, and 
tuberculosis incidence rates after antiretroviral therapy 
initiation are high, particularly in those with advanced 
HIV disease.4,5 Autopsy studies6 from sub-Saharan Africa, 
southeast Asia, and the Americas identifi ed tuberculosis 
as the primary or contributing cause of mortality in 
most cases with nearly half of the tuberculosis 
cases undiagnosed pre-mortem. Strategies addressing 
tuberculosis in patients at high risk of early mortality 
worldwide are urgently needed.

Patients with HIV often do not have classic symptoms 
and signs of tuberculosis, which complicates diagnosis. 
WHO-endorsed symptom screening for tuberculosis, 
based on cough, fever, weight loss, and night sweats, 
misses two in ten tuberculosis cases in HIV-positive 
individuals.7 In resource-limited settings where 
tuberculosis is common, patients with positive symptom 
screens are usually assessed with sputum staining for 
acid-fast bacilli, which has low sensitivity in HIV-positive 
individuals with low CD4 counts.8 Likewise, patients with 
advanced HIV might have small changes in chest 
radiography. The GeneXpert MTB/RIF assay (Xpert 
MTB/RIF, Cepheid [Sunnyvale, CA, USA]), has improved 

Research in context

Evidence before this study
We searched PubMed for articles published up to Feb 9, 2016, in 
any language, that used a randomised trial design to test the 
hypothesis that empirically treating HIV-positive individuals with 
tuberculosis who did not have clinical or microbiological evidence 
of tuberculosis disease would reduce early mortality after 
antiretroviral therapy initiation using the search terms: “HIV-1”, 
“tuberculosis”, “mortality”, “antiretroviral therapy”, “empiric 
therapy”, and “randomized trial”. No published randomised trials 
of empirical tuberculosis therapy were identifi ed.

WHO guidelines advocate use of symptom screening and 
isoniazid preventive therapy for 6 to 36 months in HIV-positive 
individuals in whom tuberculosis is not found after screening. 
However, isoniazid preventive therapy is poorly implemented in 
most settings due partly to data showing that patients with HIV 
or tuberculosis might have few symptoms, which could result in 
treating patients with subclinical tuberculosis with a single 
drug. Additionally, although the WHO recommends the Cepheid 
GeneXpert MTB/RIF (Xpert MTB/RIF) assay as a diagnostic tool 
to improve identifi cation of tuberculosis, and tuberculosis drug 
resistance in HIV-associated tuberculosis, availability remains 
sparse and implementation of the test has not been associated 
with reduced mortality in randomised trials to date. Empirical 
tuberculosis treatment, based on clinical symptoms without 
microbiological confi rmation in those at high risk of 
tuberculosis and death, is an alternative approach to managing 
these patients and has been recommended for study by the 
WHO. At the time of study inception, however, no randomised 
studies had assessed this strategy for reducing early 
antiretroviral therapy mortality in HIV-infected outpatients 
presenting for antiretroviral therapy initiation.

Three clinical trials assessing empirical tuberculosis therapy are 
ongoing. These include the systematic empirical versus 
test-guided antituberculosis treatment impact in severely 
immunosuppressed HIV-infected adults initiating antiretroviral 
therapy with CD4 cell counts of less than 100 cells per μL; the 
tuberculosis fast track study; and the REMEMBER study, of 
which the 24-week results are presented here. Although the 
design of each of these studies is diff erent, all include 

HIV-positive populations at high risk of early mortality and use 
of empirical tuberculosis treatment. The REMEMBER study 
addresses the question of whether outpatients with advanced 
HIV disease who are not diagnosed with tuberculosis after 
screening with existing methods should be empirically treated 
for tuberculosis or started on isoniazid preventive therapy as 
recommended by WHO.

Added value of this study
REMEMBER is the fi rst completed clinical trial that addresses 
whether outpatients with advanced HIV disease living in 
settings with a high burden of tuberculosis who screen negative 
for tuberculosis should initiate isoniazid preventive therapy or 
be treated empirically for tuberculosis, and it is the only 
empirical tuberculosis clinical trial that includes an isoniazid 
group. This study was done at 18 diverse sites in ten countries 
that probably refl ect conditions encountered by clinicians 
attempting to diagnose and treat tuberculosis in patients with 
advanced HIV disease in resource-limited settings. We found no 
benefi cial eff ect of empirical treatment on mortality. Overall, 
the mortality rate in the study was lower than what 
antiretroviral therapy programmes have reported in 
observational studies, probably refl ecting the clinical trial care 
setting. There was a suggestion of possible harm in the 
empirical group with respect to incident tuberculosis and HIV 
disease progression. Isoniazid preventive therapy was safe and 
well tolerated.

Implications of all the available evidence
In settings where routine symptom screening is done in 
outpatients presenting to initiate antiretroviral therapy, 
diagnostics are accessible, and close follow-up is possible, there 
is no benefi t to empirical tuberculosis treatment compared with 
the WHO recommendation of the use of isoniazid preventive 
therapy. Additionally, this trial shows that isoniazid preventive 
therapy can be safely given to HIV-positive individuals with 
advanced disease. The results strongly suggest that antiretroviral 
therapy programmes should enhance routine tuberculosis 
symptom screening and implementation of isoniazid preventive 
therapy, even for individuals with low CD4 cell counts. 
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the sensitivity of sputum testing,9 but availability of this 
test remains scarce,10 and implementation of Xpert MTB/
RIF alone has not decreased HIV-associated and 
tuberculosis-associated mortality.11–13 Limitations of 
existing diagnostics contribute to major ongoing 
challenges in diagnosing and treating HIV-associated 
tuberculosis in resource-limited settings.

Expanded use of empirical tuberculosis treatment, 
defi ned as treatment in absence of microbiological 
confi rmation of tuberculosis disease, has emerged as one 
potential approach to reduce tuberculosis-associated 
mortality. WHO recommends that patients who screen 
negative for tuberculosis be placed on isoniazid 
preventive therapy, and empirical tuberculosis therapy 
only be used for seriously ill patients in peripheral 
settings in whom initial tests are negative.14 However, the 
optimum approach for managing patients at high risk of 
HIV-associated tuberculosis and early mortality after 
antiretroviral therapy initiation is uncertain. Studies15 
have provided further evidence indicating that isoniazid 
preventive therapy alone might substantially reduce the 
risk of tuberculosis-associated mortality in HIV,15 but 
concerns about the tolerability of isoniazid preventive 
therapy and promotion of drug resistance in patients 
with sub-clinical tuberculosis have reduced the 
uptake of this intervention. For patients with advanced 
immunosuppression, an alternative strategy relevant to 
high-burden settings would be to empirically treat 
tuberculosis in all severely immunosuppressed patients 
who are not found to have tuberculosis after screening, 
even if not seriously ill. This approach could decrease 
early mortality by addressing undiagnosed, untreated 
tuberculosis and, with the use of rifampin, increase 
durability of tuberculosis preventive therapy and treat or 
prevent severe bacterial infections. We designed the 
REMEMBER (reducing early mortality and early 
morbidity by empirical tuberculosis treatment regimens) 
study to assess whether empirical tuberculosis treatment 
will reduce early mortality compared with isoniazid 
preventive therapy in participants with advanced HIV 
disease presenting for antiretroviral therapy initiation in 
settings where tuberculosis is common.

Methods
Study design and participants
In this open-label randomised controlled trial, we 
enrolled 851 HIV-positive antiretroviral therapy-naive 
individuals from 18 outpatient research clinics in ten 
countries (Malawi, South Africa, Haiti, Kenya, Zambia, 
India, Brazil, Zimbabwe, Peru, and Uganda), with 77% of 
the enrolment occurring in sub-Saharan Africa, aged 
13 years or older with CD4 cell counts of less than 50 cells 
per μL who did not have evidence of active tuberculosis, 
and were eligible for either isoniazid preventive therapy 
or empirical tuberculosis treatment. All 18 sites reported 
a tuberculosis incidence of more than 100 per 
100 000 person-years and had antiretroviral therapy 

programmes with documented high early mortality rates 
(>10–20 per 100 person-years) in outpatient populations.

Inclusion criteria included having liver function tests 
2·5 times the upper limit of normal or less, a creatinine 
clearance of at least 30 mL/min, and a Karnofsky score of 
at least 30, to facilitate inclusion of participants with 
advanced HIV presenting to antiretroviral therapy clinics 
who were able to rapidly initiate both antiretroviral therapy 
and tuberculosis treatment or isoniazid preventive therapy. 
To decrease the possible infl uence of HIV or tuberculosis 
drug resistance on outcomes, exclusion criteria included 
use of single dose nevirapine in the preceding 2 years, 
receipt of tuberculosis treatment within 96 weeks before 
study entry, or isoniazid preventive therapy within 48 weeks 
before study entry, and a history of household exposure to 
multidrug-resistant tuberculosis. Full eligibility criteria are 
included in the protocol. Sites obtained ethical approval 
from local ethics committees. All participants provided 
written informed consent.

Randomisation and masking
Participants were randomly assigned (1:1) to either the 
empirical group (antiretroviral therapy and empirical 
tuberculosis therapy) or the isoniazid preventive therapy 
group (antiretroviral therapy and isoniazid preventive 
therapy). The randomisation sequence was generated by 
a computer at the AIDS Clinical Trial Group Data 
Management Center. Randomisation was balanced by 
clinical trial unit and stratifi ed according to CD4 cell 
count (<25 cells per μL vs ≥25 cells per μL) and presence 
of any of the following prognostic factors: reportable 
hospital admission within the past 30 days, a body-mass 
index of less than 18·5 kg/m², or anaemia (haemoglobin 
concentration <8 g/dL). Participants, site personnel, and 
study statisticians were not masked to group assignment. 
The open-label pragmatic design was chosen to refl ect 
actual fi eld settings where antiretroviral therapy would 
be combined with either empirical four-drug therapy or 
isoniazid preventive therapy.

Procedures
Study sites generally complied with guidelines for 
antiretroviral therapy initiation in their country 
programmes. All 18 sites initiated antiretroviral therapy 
for WHO stage 3 or 4 disease for patients with CD4 cell 
counts lower than 350 cells per μL. For standard of care 
tuberculosis screening, all 18 sites reported using sputum 
acid-fast bacilli testing screening and chest radiography, 
and fi ve sites reported using the Xpert MTB/RIF assay.

Potential participants were referred to study clinics 
from local antiretroviral therapy clinics, many of which 
were co-located and some of which were fully integrated 
within the antiretroviral therapy programme. At the 
study clinics, potential participants were screened for 
tuberculosis before study entry with a symptom screen 
that included the following: cough for 2 weeks or longer, 
any current fever with a body temperature of more than 

For protocol see https://
clinicaltrials.gov/ct2/show/NCT
01380080?term=NCT0138008

0&rank=1
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38°C, haemoptysis, night sweats within the past 2 weeks, 
unintentional weight loss of more than 10% in the past 
30 days, and enlarged axillary or cervical lymph nodes. 
Any positive screen required further work-up per local 
standard of care. All sites had capacity to do acid-fast bacilli 
smears, chest radiography, ultrasound, mycobacterial 
culture, and GeneXpert; however, the use of specifi c tests 
was left up to the sites’ clinicians. People who were 
strongly suspected to have tuberculosis or for whom 
screening procedures identifi ed confi rmed or probable 
tuberculosis were excluded. The study did not obtain 
information on the outcomes of people excluded from 
study entry. In response to a June, 2013, data safety 
monitoring board review, the protocol was modifi ed to 
require the addition of sputum Xpert MTB/RIF assay 
testing for all potential participants during screening. 
Participants with negative symptom screens or positive 
screens but no microbiological or presumptive diagnosis 
of tuberculosis were eligible for enrolment in the study.

All participants received efavirenz-containing anti-
retroviral therapy with either study-provided tenofovir/
emtricitabine (donated by Gilead) or locally available 
nucleoside reverse transcriptase inhibitors. Participants in 
the empirical group received self-administered, weight-
adjusted, fi xed-dose combination rifampin/isoniazid/
ethambutol/pyrazinamide for 8 weeks, followed by fi xed-
dose combination rifampin/isoniazid for 16 weeks, 
beginning within 7 days after antiretroviral therapy 
initiation. Participants in the isoniazid preventive therapy 
group received 300 mg of isoniazid daily for 24 weeks, 
beginning within 7 days of antiretroviral therapy. All 
participants received pyridoxine.

Participants were followed up for 96 weeks. Here, we 
report results up to week 24. Participants attended study 
visits at screening, enrolment, and weeks 1, 2, 4, 8, 12, 16, 20, 
and 24. Signs and symptoms, antiretroviral therapy 
modifi cations, concomitant medications, and clinical events 
as defi ned by AIDS Clinical Trials Group appendix 60 
were obtained at each visit. Blood samples were collected 
to measure CD4 cell count and HIV-1 RNA levels at study 
entry, weeks 4, and 24, and blood for safety tests (liver 
function, haematology, and renal function) was collected at 
all visits except week 1. A sputum sample for each participant 
was collected and stored at study entry. After the data safety 
monitoring board review requiring real time Xpert 
MTB/RIF testing, the available stored samples collected 
before this requirement were retrospectively tested with the 
Xpert MTB/RIF assay. Participants in both groups who 
developed signs or symptoms of tuberculosis had 
tuberculosis investigations done as per locally available 
diagnostics, which included sputum culture tests and, for 
those with positive cultures, drug susceptibility testing. 
Those with drug-sensitive tuberculosis received 
weight-adjusted, fi xed-dose combination rifampin/
isoniazid/ethambutol/pyrazinamide for 8 weeks, followed 
by fi xed-dose combination rifampin/isoniazid for 16 weeks. 
Any participant with drug-resistant tuberculosis was treated 

according to local standard of care. In the event of missed 
visits, participants were traced by telephone calls and home 
visits if they or their contacts could not be reached by 

Figure 1: Trial profi le
*In some cases, more than one reason for ineligibility was provided.

1368 screened

851 enrolled

851 randomised

1 ineligible

424 randomly assigned to empirical 
 group

426 randomly assigned to isoniazid
 preventive therapy group

391 completed 24-week visit assessments 403 completed 24-week visit assessments

424 included in intention-to-treat
 analysis

426 included in intention-to-treat
 analysis

517 ineligible*
 192 CD4 cell count out of range
 183 active illness or condition
 86 lab value out of range
 21 not willing to participate
 21 did not return to clinic 
 4 had prohibited medication
 4 pregnant or breastfeeding
 6 previous antiretroviral history 
 3 risk of treatment toxicity
 4 died
 55 other

 20 died
 11 prematurely discontinued study
 2 lost to follow-up 

 22 died
 1 prematurely discontinued study
 

Figure 2: Screening methods for enrolled and ineligible participants

1368 screened

850 enrolled with known
 screening methods 

1 ineligible 

Clinical symptom screen 

418 ineligible with known
 screening methods

99 ineligible with unknown screening 
 methods due to site closing  

847 (99·6%) 400 (95·7%) 

Chest x-ray 554 (65·2%) 225 (53·8%)

Acid-fast bacilli smear 365 (42·9%) 197 (47·1%)

Culture 157 (18·5%) 102 (24·4%)

Other tuberculosis diagnostics 14 (1·6%) 63 (15·1%)

Screening methods

For the AIDS Clinical Trials Group 
appendix 60 see http://www.hptn.
org/web%20documents/HPTN052/
Appendix60V1.123Feb2007.pdf
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telephone. Those who could not be contacted after this 
process were defi ned as lost to follow-up.

Outcomes
The primary endpoint was survival (death or unknown 
vital status) 24 weeks after randomisation. Secondary 
endpoints included time to death and AIDS progression, 
confi rmed or probable tuberculosis, grade 3 or 
4 signs/symptoms, and grade 3 or 4 lab abnormalities. 

AIDS progression was defi ned as any new WHO stage 3 
or 4 event occurring more than 2 weeks after study entry. 
Incident tuberculosis was defi ned as any diagnosis 
occurring after entry. Safety outcomes included all signs, 
symptoms, and laboratory abnormalities meeting grade 3 
or 4 criteria per the Division of AIDS toxicity table. All 
causes of death, AIDS progression events, and 
tuberculosis cases were externally verifi ed.

Statistical analysis
We calculated a target sample size of 836 to detect a 7·5% 
diff erence in the primary event probabilities (15% for 
isoniazid preventive therapy and 7·5% for empirical) 
between groups based on a two-sided test of binomial 
probabilities with 90% power, 5% α level, and 5% 
infl ation of the estimated sample size for interim 
analyses. For the primary endpoint analysis, an intention-
to-treat approach was used with all randomly assigned 
participants regardless of receiving treatment, except for 
one participant who was enrolled inadvertently because 
of an incorrect CD4 cell count at screening. The fi nal 
analysis was done with a signifi cance level of 5%, which 
does not account for the number of interim analyses 
because the original sample size was infl ated by 5% for 
the interim analyses. On and off  study deaths (where the 
participant has stopped participation but is known to be 
dead) and participants with unknown survival status 
were included as events in the primary endpoint analysis. 
Kaplan-Meier estimates of the endpoint probabilities 
across groups were compared by the z-test. Participants 
who withdrew consent were censored at the time of their 
last visit.

Similar methods were used to compare the secondary 
endpoint probabilities of time to death or AIDS 
progression, and confi rmed or probable tuberculosis 
between groups. Time to any primary and secondary 
endpoint was compared by the log-rank test. For the 
secondary analyses, a per-protocol approach was used 
with all participants who completed the 24-week 
assessments included. The Cochran-Mantel-Haenszel 
test was used to compare the primary endpoint 
probabilities between groups after stratifi cation by 
randomisation phase (before and after implementation 
of screening Xpert MTB/RIF testing) and by the 
prognostic stratifi cation factors described. Additionally, 
we assessed the eff ect of excluding any participants with 
a positive enrolment sputum Xpert MTB/RIF sample as 
established by retrospective testing. For the safety 
analysis, all randomly assigned participants were 
included and the χ² test was used to compare the 
probabilities of safety and tolerability of antiretroviral 
therapy and tuberculosis treatment. The National 
Institute of Allergy and Infectious Diseases international 
data safety monitoring board monitored the study semi-
annually. All analyses were done with SAS version 9.4. 
This trial is registered with ClincalTrials.gov, number 
NCT01380080.

Empirical therapy 
(n=424)

Isoniazid 
preventive therapy 
(n=426)

All 
participants 
(n=850)

Sex

Male 224 (53%) 226 (53%) 450 (53%)

Female 200 (47%) 200 (47%) 400 (47%)

Race

Black African or black of African origin 380 (90%) 388 (91%) 768 (90%)

Other 44 (10%) 38 (9%) 82 (10%)

Age (years) 36 (30–42) 35 (30–42) 36 (30–42)

Country

Malawi 95 (22%) 98 (23%) 193 (23%)

South Africa 86 (20%) 90 (21%) 176 (21%)

Kenya 77 (18%) 75 (18%) 152 (18%)

Haiti 53 (13%) 56 (13%) 109 (13%)

Zimbabwe 25 (6%) 27 (6%) 52 (6%)

Uganda 25 (6%) 24 (6%) 49 (6%)

Peru 20 (5%) 19 (4%) 39 (5%)

Zambia 17 (4%) 19 (4%) 36 (4%)

India 17 (4%) 12 (3%) 29 (3%)

Brazil 9 (2%) 6 (1%) 15 (2%)

CD4 cell count (cells per μL) 18 (9–31) 19 (9–33) 18 (9–32)

HIV-1 RNA log10 (copies per mL) 5·4 (5·0–5·7) 5·3 (4·9–5·7) 5·3 (4·9–5·7)

Stratifi cation factors

CD4 cell count <25 cells per μL 253 (60%) 257 (60%) 510 (60%)

Hospital admission within the past 
30 days

19 (4%) 23 (5%) 42 (5%)

Body-mass index <18·5 kg/m² 120 (28%) 128 (30%) 248 (29%)

Anaemia (haemoglobin <8 g/dL) 28 (7%) 16 (4%) 44 (5%)

WHO stages*

No stage 3 or 4 events 305 (72%) 309 (73%) 614 (72%)

Stage 3 85 (20%) 77 (18%) 162 (19%)

Stage 4 34 (8%) 40 (9%) 74 (9%)

Clinical symptoms

Cough lasting for 2 or more weeks 66 (16%) 73 (17%) 139 (16%)

Fever ≥38°C 27 (6%) 22 (5%) 49 (6%)

Haemoptysis in the past 2 weeks 0 (0%) 1 (<1%) 1 (<1%)

Night sweats in the past 2 weeks 32 (8%) 43 (10%) 75 (9%)

Unintentional weight loss in the past 
30 days

195 (46%) 220 (52%) 415 (49%)

Enlarged axillary or cervical lymph nodes 38 (9%) 43 (10%) 81 (10%)

At least one tuberculosis symptom 
reported

237 (56%) 265 (62%) 502 (59%)

Data are n (%) or median (IQR). *Number of participants who had at least one event at baseline. 

Table 1: Baseline characteristics
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Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had fi nal responsibility for 
the decision to submit for publication.

Results
Between Oct 31, 2011, and June 9, 2014, 1368 candidates 
were screened and 851 (62%) were randomly assigned 
(fi gure 1). One participant who was randomly assigned to 
the isoniazid preventive therapy group was later ineligible 
and was discontinued at day 10 because of a screening 
CD4 cell count value of 50 cells per μL or more. Hence, 
850 participants were enrolled at 18 sites. The most 
common screening failure reason was having a CD4 cell 
count value of 50 cells per μL or more, followed by 
presence of suspected or confi rmed tuberculosis cases, 
and having laboratory values out of range. Patients who 
were not enrolled were more likely to have an acid-fast 
bacilli smear, ultrasound, and culture done at screening 
compared with those who were enrolled (fi gure 2). Among 
those screened but ineligible for this study, the number 
excluded because of tuberculosis suspicion varied across 
sites from zero in Eldoret (Kenya) and Rio de Janeiro 
(Brazil) to ten (56%) in Port-au-Prince (Haiti). Overall, ten 
of 18 sites excluded more than 30% of screening failures 
because of confi rmed or probable tuberculosis. Among 
1268 participants screened for the study, 1247 (98%) had 
protocol-mandated symptom screening, chest radiography 
was done in 779 (61%), sputum acid-fast bacilli smear in 
562 (44%), culture in 259 (20%), and other diagnostics in 
77 (6%). Of those screened, 26 patients were excluded 
because of a positive Xpert MTB/RIF assay. Among those 
enrolled, about 85% could produce sputum at baseline.

Baseline characteristics of 850 enrolled participants 
(424 in empirical group and 426 in isoniazid preventive 
therapy group) were similar across groups (table 1). 
Participants had highly advanced HIV disease with a 
median (IQR) CD4 cell count of 18 cells per μL (9–32). Of 
448 (53%) who were enrolled before sputum Xpert 
MTB/RIF assay screening, 379 (45%) had retrospective 
testing with Xpert MTB/RIF and six (2%) were positive, 
three in each group. Among the 850 enrolled participants, 
502 (59%) had at least one positive result on symptom 
screen before enrolment in the trial, with unintentional 
weight loss being the most commonly reported symptom, 
followed by cough for more than 2 weeks (table 1).

At week 24, both groups had 22 primary events, resulting 
in the same primary endpoint rate of 5·2% (95% CI 
3·5–7·8 for the empirical group and 3·4–7·8 for the 
isoniazid preventive therapy group; p =0·97) and resulting 
in an absolute risk diff erence of –0·06% (95% CI –3·05% 
to 2·94%). All primary endpoints were deaths except for 
two unknown vital status events in the empirical group. 
The death rates between the study groups did not diff er 
signifi cantly after treating the two participants as censored 
cases in sensitivity analysis (20 [4·8%] in the empirical 
group vs 22 [5·2%] in the isoniazid preventive therapy 
group; p=0·78). Among the ten countries with at least one 
site, eight reported at least one death and the primary 
endpoint rates by group were generally similar across 
countries. Although mortality was higher in those with a 
CD4 cell count of less than 25 cells per μL and those with 
poor prognostic factors, the event rates were similar across 
groups for the stratifi cation factors before and after 
implementation of sputum Xpert MTB/RIF testing, or 
after excluding participants with retrospectively identifi ed 
positive sputum Xpert MTB/RIF tests (table 2). The time 
to the primary event did not diff er between groups 
(fi gure 3).

Number of 
participants

Primary 
endpoint in 
empirical group

Primary 
endpoint in 
isoniazid 
preventive 
therapy group

95% CI for 
estimated 
diff erence in 
endpoint rates 
(Kaplan-Meier 
approach)

p value

All participants 850 22 (5%) 22 (5%) (–3·05 to 2·94) 0·97

All participants excluding six who were Xpert MTB/RIF positive 
at baseline

844 21 (5%) 21 (5%) (–3·00 to 2·89) 0·97

Stratifi cation factors*

Pre-mandated sputum Xpert MTB/RIF 444 13 (6%) 13 (6%) NA 0·96

Post-mandated sputum Xpert MTB/RIF 398 9 (5%) 9 (4%) ·· ··

CD4 <25 cells per μL 504 17 (7%) 17 (7%) NA 0·92

CD4 ≥25 cells per μL 338 5 (3%) 5 (3%) ·· ··

Poor prognostic factor† 284 13 (9%) 8 (6%) NA 0·94

No poor prognostic factor 558 9 (3%) 14 (5%) ·· ··

NA=not applicable. *A total of 842 participants were included because eight participants who withdrew consent at or before week 24 were excluded. †Poor prognostic factor 
was defi ned as presence of at least one of the following: reportable hospital admission within the past 30 days, body-mass index of less than 18·5 kg/m², or anaemia 
(haemoglobin <8 g/dL) 

Table 2: Death or unknown survival status at week 24
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Causes of death included HIV-associated infections 
(17 in empirical group, 11 in isoniazid preventive group), 
non-HIV diagnoses (fi ve in isoniazid preventive group), 
renal toxicity attributed to tenofovir (one in isoniazid 
preventive group), unknown in six cases (two in empirical 
group, four in isoniazid preventive group), and motor 
vehicle accident (one in isoniazid preventive group; 
appendix). The most common HIV-associated causes of 
death were cryptococcal meningitis (n=4), Kaposi’s 
sarcoma (n=3), and extrapulmonary tuberculosis (n=3).

By week 24, the empirical group had a higher rate of 
death or AIDS progression than the isoniazid preventive 
therapy group (72 [17%] vs 53 [13%]; p=0·06) and the time 
to death or AIDS progression was more rapid in the 
empirical group (fi gure 3). This result was mainly due to 
an increased incidence of tuberculosis (31 participants in 
the empirical group and 18 participants in the isoniazid 
preventive therapy group; p=0·01), including both 
pulmonary and extrapulmonary disease (appendix). The 
time to confi rmed or probable tuberculosis in the 
empirical group was also more rapid (fi gure 3). The time 
to death or AIDS progression, if confi rmed or probable 
tuberculosis was excluded, did not diff er between groups 
(fi gure 3). Self-reported adherence to study medications 
was similar across groups at all weeks apart from in the 
empirical group at 8 weeks, which reported lower than 
100% adherence to tuberculosis drugs (360 [88%] in the 
empirical group vs 383 [93%] in the isoniazid preventive 
therapy group; p=0·03). The empirical group also had 
more premature discontinuations of tuberculosis drugs 
by week 24 (47 discontinued in the empirical group vs 18 in 
the isoniazid preventive therapy group). A viral load of less 
than 400 copies per mL was achieved by 309 (84%) of 
370 participants in the empirical group and 322 (85%) of 
378 participants in the isoniazid preventive therapy group. 
The median CD4 change at 24 weeks was 96 (IQR 55–147) 
in the empirical group and 102 (60–159) in the isoniazid 
preventive therapy group (p=0·25 by Wilcoxon test).

Safety measures were also similar across groups. 
Grade 3 or 4 signs or symptoms occurred in 50 (12%) 
participants in the empirical group and 46 (11%) in the 
isoniazid preventive therapy group. Grade 3 or 4 laboratory 
abnormalities occurred in both groups (table 3). 
Haematological abnormalities were most common, 
followed by hepatic abnormalities (table 3). Of the 
49 incident cases of tuberculosis, there was no evidence of 
diff erential increased drug resistance by study group. 
Drug resistance to at least one tuberculosis drug occurred 
in six participants, three in each group. In the empirical 
group, the resistance profi les of the three participants 
were isoniazid/ethambutol, isoniazid/rifampin/

Figure 3: Kaplan-Meier plots for time to primary and secondary endpoint
(A) Time to primary endpoint (death or unknown status) by treatment strategy. 
(B) Time to death or AIDS progression by treatment strategy. (C) Time to confi rmed 
or probable tuberculosis by treatment strategy. (D) Time to death or AIDS 
progression (excluding confi rmed and probable tuberculosis) by treatment strategy.
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ethambutol, and streptomycin/rifampin/isoniazid/
ethambutol where as in the isoniazid preventive therapy 
group, the resistance profi les of the three participants 
were isoniazid only, streptomycin/rifampin/isoniazid/
ethambutol, and strepto mycin/rifampin/isoniazid/
ethambutol/pyrazinamide. The participants switched to 
appropriate tuberculosis treatment according to local 
guidelines after the resistance was identifi ed.

Despite potential benefi ts of rifampin for severe 
bacterial infections, the incidence of such infections did 
not diff er signifi cantly by group (37 [9%] in the empirical 
group and 52 [12%] in the isoniazid preventive therapy 
group, p=0·095; appendix). Tuberculosis-immune 
reconstitution infl ammatory syndrome was adjudicated 
with AIDS Clinical Trial Group defi nitions by the external 
endpoint panel. 19 (2%) tuberculosis-immune 
reconstitution infl ammatory syndrome cases were 
reported (nine in the empirical group and ten in the 

isoniazid preventive therapy group). Of these 19 cases, 
13 had confi rmed antiretroviral therapy unmasking  
tuberculosis-immune reconstitution infl ammatory 
syndrome (ie, tuberculosis was not identifi ed before 
tuberculosis-immune reconstitution infl ammatory 
syndrome diagnosis; six in the empirical group and 
seven in the isoniazid preventive therapy group), and fi ve 
had probable antiretroviral therapy unmasking 
tuberculosis-immune reconstitution infl am matory 
syndrome (two in the empirical group and three in the 
isoniazid preventive therapy group), and one participant 
in the empirical group had probable paradoxical 
tuberculosis-associated tuberculosis-immune re con-
stitution infl ammatory syndrome (tuberculosis diagnosis 
was known before the tuberculosis-associated 
tuberculosis-immune reconstitution infl ammatory 
syndrome diagnosis and manifested as worsening of 
tuberculosis signs or symptoms).

Empirical therapy (n=424) Isoniazid preventive therapy (n=427) All participants (n=851)

Grade 3 Grade 4 All grades Grade 3 Grade 4 All grades Grade 3 Grade 4 All grades

Any chemical abnormalities 21 (5 %) 5 (1 %) 26 (6%) 20 (5 %) 9 (2%) 29 (7 %) 41 (5 %) 14 (2 %) 55 (6 %)

Any gaseous chemical abnormalities 1 (<1%) 0 1 (<1%) 0 0 0 1 (<1%) 0 1 (<1%)

Hydrogen ion concentration 1 (<1%) 0 1 (<1%) 0 0 0 1 (<1%) 0 1 (<1%)

Any general chemical abnormalities 20 (5%) 5 (1%) 25 (6%) 20 (5%) 9 (2%) 29 (7%) 40 (5%) 14 (2%) 54 (6%)

Albumin 11 (3%) 0 11 (3%) 6 (1%) 0 6 (1%) 17 (2%) 0 17 (2%)

Alkaline phosphatase 1 (<1%) 0 1 (<1%) 10 (2%) 1 (<1%) 11 (3%) 11 (1%) 1 (<1%) 12 (1%)

Bicarbonate 2 (<1%) 0 2 (<1%) 0 0 0 2 (<1%) 0 2 (<1%)

Calcium 1 (<1%) 0 1 (<1%) 2 (<1%) 0 2 (<1%) 3 (<1%) 0 3 (<1%)

Carbon dioxide 0 0 0 0 1 (<1%) 1 (<1%) 0 1 (<1%) 1 (<1%)

Sodium 10 (2%) 5 (1%) 15 (4%) 9 (2%) 7 (2%) 16 (4%) 19 (2%) 12 (1%) 31 (4%)

Any endocrine events 1 (<1%) 0 1 (<1%) 0 0 0 1 (<1%) 0 1 (<1%)

Any general endocrine events 1 (<1%) 0 1 (<1%) 0 0 0 1 (<1%) 0 1 (<1%)

Uric acid 1 (<1%) 0 1 (<1%) 0 0 0 1 (<1%) 0 1 (<1%)

Any haematological events 38 (9 %) 27 (6 %) 65 (15 %) 46 (11 %) 13 (3 %) 59 (14 %) 84 (10 %) 40 (5 %) 124 (15 %)

Any haematological coagulation 0 2 (<1%) 2 (<1%) 3 (1%) 1 (<1%) 4 (1%) 3 (<1%) 3 (<1%) 6 (1%)

Low platelet count 0 2 (<1%) 2 (<1%) 3 (1%) 1 (<1%) 4 (1%) 3 (<1%) 3 (<1%) 6 (1%)

Any haematological red blood cell 
event

12 (3%) 9 (2%) 21 (5%) 20 (5%) 4 (1%) 24 (6%) 32 (4%) 13 (2%) 45 (5%)

Low haemoglobin concentration 12 (3%) 9 (2%) 21 (5%) 20 (5%) 4 (1%) 24 (6%) 32 (4%) 13 (2%) 45 (5%)

Any haematological white blood cell 
or diff erential event

31 (7%) 18 (4%) 49 (12%) 28 (7%) 9 (2%) 37 (9%) 59 (7%) 27 (3%) 86 (10%)

Low absolute neutrophil count 33 (8%) 16 (4%) 49 (12%) 26 (6%) 9 (2%) 35 (8%) 59 (7%) 25 (3%) 84 (10%)

Low white blood cell count 6 (1%) 2 (<1%) 8 (2%) 4 (1%) 1 (<1%) 5 (1%) 10 (1%) 3 (<1%) 13 (2%)

Any liver or hepatic event 17 (4 %) 9 (2 %) 26 (6 %) 18 (4 %) 11 (3 %) 29 (7 %) 35 (4 %) 20 (2 %) 55 (6 %)

Serum glutamic-oxaloacetic 
transaminase

16 (4%) 4 (1%) 20 (5%) 16 (4%) 8 (2%) 24 (6%) 32 (4%) 12 (1%) 44 (5%)

Serum glutamic-pyruvic 
transaminase

7 (2%) 6 (1%) 13 (3%) 14 (3%) 6 (1%) 20 (5%) 21 (2%) 12 (1%) 33 (4%)

Total bilirubin 4 (1%) 2 (<1%). 6 (1%) 0 3 (1%) 3 (1%) 4 (<1%) 5 (1%) 9 (1%)

Any renal event 2 (<1%) 1 (<1%) 3 (1 %) 3 (1 %) 2 (<1%) 5 (1 %) 5 (1 %) 3 (<1%) 8 (1 %)

Creatinine 2 (<1%) 1 (<1%) 3 (1%) 3 (1%) 2 (<1%) 5 (1%) 5 (1%) 3 (<1%) 8 (1%)

Any event 59 (14 %) 40 (9 %) 99 (23 %) 66 (15 %) 31 (7 %) 97 (23 %) 125 (15 %) 71 (8 %) 196 (23 %)

Multiple events could be reported in a participant.

Table 3: Grade 3 or higher laboratory events by week 24

See Online for appendix
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Discussion
In this large, multisite, randomised clinical trial, 
empirical tuberculosis therapy did not reduce early 
mortality compared with administration of isoniazid 
preventive therapy in individuals with highly advanced 
HIV disease initiating antiretroviral therapy in 
outpatient settings where tuberculosis incidence is 
high. Furthermore, despite enrolling participants with 
very low CD4 cell counts, we observed a mortality rate 
that was substantially lower than that observed in 
previous studies from similar settings.2 We also 
observed an increased risk of AIDS progression and 
specifi cally tuberculosis in the empirical group. Taken 
together, the results support the use of standardised 
tuberculosis screening procedures in patients with 
advanced HIV disease presenting for antiretroviral 
therapy initiation and indicate that, in those without a 
diagnosis of tuberculosis after screening, there is no 
added benefi t of empirical tuberculosis therapy 
compared with provision of isoniazid preventive 
therapy alone. This study eff ectively shows that the 
combination of isoniazid preventive therapy with 
antiretroviral therapy is safe when used to prevent 
tuberculosis and early mortality in very advanced 
HIV disease.

We hypothesised that empirical tuberculosis therapy 
would more eff ectively treat those with subclinical 
active tuberculosis and thereby reduce early mortality. 
Numerous studies done pre-mortem and post mortem 
have identifi ed tuberculosis as the major cause of 
mortality in those with advanced HIV disease who are 
initiating antiretroviral therapy in sub-Saharan Africa, 
India, Haiti, and parts of South America.2,6 An 
additional hypothesised eff ect of empirical tuberculosis 
therapy relates to a potentially more durable 
tuberculosis preventive eff ect of isoniazid and rifampin 
compared with isoniazid alone.16 Lastly, by virtue of the 
use of rifampin, empirical tuberculosis treatment 
could also plausibly provide benefi t in terms of 
prevention or early treatment of severe bacterial 
infections. However, we found a defi nitive lack of 
benefi t of empirical therapy on mortality outcomes. 
This fi nding probably resulted partly from the 
exclusion of many tuberculosis cases by the study’s 
systematic tuberculosis screening approach, as a third 
of screened participants were excluded for suspected 
active tuberculosis. Furthermore, although the median 
CD4 cell count of the study population was very low, 
systematic non-referral of sicker patients or those with 
very high tuberculosis suspicion to the study might 
have resulted in exclusion of candidates with poor 
prognosis. Our study still encountered substantial 
incident tuberculosis, but we also observed that fewer 
participants diagnosed with tuberculosis after 
antiretroviral therapy initiation died during the 
24 weeks of follow-up across both groups. This fi nding 
contrasts sharply with the strong association previously 

observed between prevalent and incident tuberculosis 
after antiretroviral therapy initiation and early mortality 
in HIV-infected outpatients initiating antiretroviral 
therapy.3,17 This lower mortality is notable, given the 
highly advanced HIV disease of the cohort, but 
provides solid evidence to suggest that empirical 
tuberculosis therapy does not provide a mortality 
benefi t over isoniazid preventive therapy even in 
outpatients with profound immunosuppression 
who remain without a tuberculosis diagnosis after 
screening.

Other observational studies and clinical trials have 
documented early mortality rates of 15% or higher,2,18,19 
which is substantially greater than the 5% documented 
in this study. In addition to possible eff ects of screening 
and referral patterns, this low mortality rate might also 
relate to the fact that all participants received isoniazid, 
a rapidly bactericidal agent,20 which can reduce the risk 
of tuberculosis in HIV-positive patients.21–23 Although 
isoniazids eff ect on survival is uncertain in patients 
with severe HIV immunosuppression, two 
observational studies from South Africa and a cluster-
randomised trial in Brazil found that isoniazid 
preventive therapy reduced early mortality and 
incidence of a combined endpoint of tuberculosis and 
mortality in HIV-positive individuals.24–26 The 
TEMPRANO study,15 a randomised, 2 × 2 factorial 
designed clinical trial assessing antiretroviral therapy 
and isoniazid preventive therapy in adults with median 
baseline CD4 cell count of approximately 460 cells per 
μL, found that isoniazid preventive therapy resulted in 
a 35% reduction in severe HIV morbidity. To date, no 
other trial including isoniazid preventive therapy and 
antiretroviral therapy initiation in HIV-positive 
individuals has examined a similarly large population 
of individuals with highly advanced HIV disease. This 
distinguishing characteristic of the REMEMBER trial is 
important because although isoniazid is recommended 
by WHO for HIV-positive adults, its uptake and 
implementation has been very low due partly to 
concerns about excluding active tuberculosis in 
advanced HIV disease, and associated fears of 
generating drug resistance. Deferring isoniazid 
preventive therapy for some months in patients with 
advanced HIV has been proposed as a strategy to 
address any potential resistance risk associated with 
early incident tuberculosis.27 However, although the 
number of incident tuberculosis cases in this study 
limits formal analyses of isoniazid resistance, the 
prescribed 6-month course of isoniazid preventive 
therapy was well tolerated and discontinuations were 
rare when initiated near the time of antiretroviral 
therapy initiation. Thus, although our study did not 
include a placebo group, these results indicate that 
isoniazid preventive therapy plus antiretroviral therapy 
can be safely implemented in patients with highly 
advanced HIV disease who are not diagnosed with 
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tuberculosis after screening. This is consistent with the 
WHO’s latest guidance to provide isoniazid preventive 
therapy regardless of CD4 cell count for all HIV-infected 
adults and adolescents.14 Repeated symptom screening 
for tuberculosis at follow-up visits after isoniazid 
preventive therapy initiation, also recommended by 
WHO,14 should be implemented to detect incident 
tuberculosis as early as possible on antiretroviral 
therapy.

The increased risk of AIDS progression and 
specifi cally tuberculosis seen in the empirical group 
was unexpected. Provision of four-drug tuberculosis 
therapy to patients without a known tuberculosis 
diagnosis plausibly could lead to adverse events and 
reduced adherence to antitubercular therapy or 
antiretroviral therapy, either of which could result in 
an increased risk of AIDS progression. Although self-
reported adherence to tuberculosis therapy and 
antiretroviral therapy, and virological and 
immunological responses to antiretroviral therapy, 
were similar across groups for all visits except week 8, 
premature tuberculosis drug discontinuation rates 
were more common in the empirical group. A previous 
study has suggested that the combination of isoniazid/
rifampin might have more potent and durable 
protection against the development of tuberculosis and 
death than isoniazid alone, but multidrug regimens for 
treatment of latent tuberculosis infection are also 
associated with increased risk of discontinuation.21 
Another potential explanation for the increased rate of 
tuberculosis in the empirical group is diagnostic 
suspicion bias, where knowledge of tuberculosis 
treatment status led to more aggressive use of 
tuberculosis diagnostics or more liberal tuberculosis 
diagnosis in participants randomised to the empirical 
group. Unmasking tuberculosis-immune recon-
stitution infl ammatory syndrome was also uncommon 
in both groups and does not appear to explain this 
diff erence in incident tuberculosis. Nonetheless, given 
the lack of clinical benefi t of the empirical therapy, the 
fi nding of potential harm should be carefully 
considered by providers when assessing similar patient 
populations.

Notably our study population of adults with advanced 
HIV disease (CD4 cell count of less than 50 cells per μL) 
continues to be encountered in HIV programmes 
globally, despite evolving guidance to start antiretroviral 
therapy at higher CD4 cell counts.14  The median CD4 cell 
count for initiating antiretroviral therapy in programmes 
in low-income and middle-income settings remains 
below 200 cells per μL.3,28 This population with a low 
CD4 cell count is the group at highest risk of developing 
and dying from tuberculosis. By focusing on individuals 
with advanced HIV disease, our study provides valuable 
evidence that systematic screening for tuberculosis with 
standard measures that might or might not include 
GeneXpert might enable safe and eff ective initiation of 

isoniazid preventive therapy and antiretroviral therapy 
together in settings with a high burden of HIV and 
tuberculosis.

Our study has some limitations. Study treatment was 
not blinded to providers or participants, such that 
knowledge of study group could both infl uence patient 
acceptance of a multidrug combination treatment or 
providers’ diagnostic suspicion for tuberculosis. 
However, the unblinded approach enabled a pragmatic 
assessment of how this treatment strategy might work 
in non-trial settings, where participants without 
tuberculosis after screening would be asked to initiate 
four-drug tuberculosis therapy. The conduct of the study 
in multiple sites where early mortality rates are high 
and tuberculosis is endemic is a major strength, but the 
results might not be generalisable to settings where 
systematic tuberculosis screening is not done, or where 
limited resources prevent close follow-up and early 
tuberculosis diagnosis after antiretroviral therapy 
initiation. Additionally, the results from this study in 
outpatients initiating antiretroviral therapy might be 
not be generalisable to sicker inpatient populations with 
higher mortality rates, where the prevalence of 
tuberculosis at autopsy has approached 50%.6 However, 
randomised trials of empirical tuberculosis therapy in 
settings with inpatients with highly advanced HIV 
would address a diff erent research question, and might 
have diff erent concerns regarding equipoise. Another 
limitation was that we did not collect data for all eligible 
patients who could have potentially enrolled but who 
were not referred to the trial, limiting our ability to place 
this strategy in a broader context of HIV patient care. 
Nonetheless, similarly low mortality rates might be 
achievable in routine care settings, given that the study’s 
screening methods and follow-up schedule were based 
largely on WHO and local treatment guidelines.14 
Although many settings might not have universal access 
to the Xpert MTB/RIF assay, mortality rates in this study 
were similar before and after mandatory sputum Xpert 
MTB/RIF testing at screening was implemented, and 
after excluding tuberculosis cases identifi ed 
retrospectively with the Xpert MTB/RIF assay. This 
result is consistent with data indicating that the use of 
the Xpert MTB/RIF assay might not reduce mortality in 
patients with HIV.11–13 Furthermore, the rationale for 
empirical tuberculosis therapy is primarily based on 
high rates of undiagnosed tuberculosis in patients 
presenting for care, which partly depends on the 
availability of accurate tuberculosis diagnostics and 
assessments done before antiretroviral therapy 
initiation, along the entire cascade of HIV care. Novel 
tuberculosis diagnostics, such as the urinary 
lipoarabinomannan assay, which has approximately 
67% sensitivity in patients with CD4 cell counts of less 
than 50 cells per μL,29 has recently been shown to reduce 
mortality and the use of empirical tuberculosis 
treatment in patients admitted to hospital when used as 
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an additional diagnostic test30 and might decrease the 
rationale for empirical tuberculosis therapy.

In summary, our study found that empirical 
tuberculosis treatment did not reduce early mortality in 
outpatients with advanced HIV disease compared with 
provision of isoniazid preventive therapy. In patients 
with advanced HIV disease in settings where tuberculosis 
incidence is high, systematic tuberculosis screening 
before antiretroviral therapy initiation and imple-
mentation of isoniazid preventive therapy near the time 
of antiretroviral therapy initiation should be urgently 
pursued.
Contributors
MCH, GPB, AG, JK, and AZ did the literature search. MCH, GPB, JB, 
EH, AZ, JK, and AG designed the study.  MCH, AM, CR, FKK, SB-F, DL, 
MN, KN, JH, PM, GH, PDL, JRL, LM, JA, VM, VGV, SP, NK, and JK 
were responsible for participant recruitment. MCH, GPB, AM, CR, FKK, 
SB-F, DL, MN, KN, JH, PM, GH, PDL, JRL, LM, JA, VM, VGV, SP, and 
NK collected the data. MCH, GPB, SM, XS, AM, CR, FKK, SB-F, DL, 
MN, KN, JH, PM, GH, PDL, JRL, LM, JA, VM, VGV, SP, NK, JB, LJ, EH, 
AZ, JK, and AG interpreted the data. MCH, GPB, SM, XS, AZ, and AG 
drafted the manuscript. MCH, GPB, SM, XS, AM, CR, FKK, SB-F, DL, 
MN, KN, JH, PM, GH, PDL, JRL, LM, JA, VM, VGV, SP, NK, JB, LJ, EH, 
AZ, JK, AG revised the manuscript and contributed intellectually. SM 
and XS analysed the data and generated the fi gures. LJ managed the data. 

Declaration of interests
We declare no competing interests.

Acknowledgments
Presented in part at the 8th IAS on HIV Pathogenesis Treatment and 
Prevention Conference, Vancouver Canada, July 18–22, 2015. Research 
reported in this publication was supported by the National Institute of 
Allergy and Infectious Diseases of the National Institutes of Health 
under award numbers UM1 AI068634, UM1 AI068636, and 
UM1 AI106701. JB was funded by the National Institute of Allergy and 
Infectious Diseases, National Institutes of Health, Department of Health 
and Human Services (contract number HH-SN272200800014C). The 
content is solely the responsibility of the authors and does not 
necessarily represent the offi  cial views of the National Institutes of 
Health. Pharmaceutical support was provided by Gilead Sciences, but 
Gilead had no infl uence in the study design or the analysis of the data.

References
 1 UNAIDS. How AIDS changed everything: MDG 6: 15 years, 

15 lessons of hope from the AIDS response. Fact Sheet. 2015. 
http://www.unaids.org/sites/default/fi les/media_asset/20150714_
FS_MDG6_Report_en.pdf (accessed July 14, 2015).

 2 Gupta A, Nadkarni G, Yang WT, et al. Early mortality in adults 
initiating antiretroviral therapy (art) in low- and middle-income 
countries (LMIC): a systematic review and meta-analysis. PLoS One 
2011; 6: e28691.

 3 Gupta A, Wood R, Kaplan R, Bekker LG, Lawn SD. Prevalent and 
incident tuberculosis are independent risk factors for mortality 
among patients accessing antiretroviral therapy in South Africa. 
PLoS One 2013; 8: e55824.

 4 Lawn SD, Badri M, Wood R. Tuberculosis among HIV-infected 
patients receiving HAART: long term incidence and risk factors in a 
South African cohort. AIDS 2005; 19: 2109–16.

 5 Brinkhof MW, Egger M, Boulle A, et al. Tuberculosis after initiation 
of antiretroviral therapy in low-income and high-income countries. 
Clin Infect Dis 2007; 45: 1518–21.

 6 Gupta RK, Lucas SB, Fielding KL, Lawn SD. Prevalence of 
tuberculosis in post-mortem studies of HIV-infected adults and 
children in resource-limited settings: a systematic review and 
meta-analysis. AIDS 2015; 29: 1987–2002.

 7 Getahun H, Kittikraisak W, Heilig CM, et al. Development of a 
standardized screening rule for tuberculosis in people living with 
HIV in resource-constrained settings: individual participant data 
meta-analysis of observational studies. PLoS Med 2011; 8: e1000391.

 8 Singhal S, Mahajan SN, Diwan SK, Gaidhane A, Quazi ZS. 
Correlation of sputum smear status with CD4 count in cases of 
pulmonary tuberculosis and HIV co-infected patients—a hospital 
based study in a rural area of Central India. Indian J Tuberc 2011; 
58: 108–12.

 9 Scott LE, McCarthy K, Gous N, et al. Comparison of Xpert MTB/RIF 
with other nucleic acid technologies for diagnosing pulmonary 
tuberculosis in a high HIV prevalence setting: a prospective study. 
PLoS Med 2011; 8: e1001061.

 10 Fenner L, Ballif M, Graber C, et al. Tuberculosis in antiretroviral 
treatment programs in lower income countries: availability and use 
of diagnostics and screening. PLoS One 2013; 8: e77697.

 11 Theron G, Zijenah L, Chanda D, et al. Feasibility, accuracy, and 
clinical eff ect of point-of-care Xpert MTB/RIF testing for 
tuberculosis in primary-care settings in Africa: a multicentre, 
randomised, controlled trial. Lancet 2014; 383: 424–35.

 12 Churchyard GJ, Stevens WS, Mametja LD, et al. Xpert MTB/RIF 
versus sputum microscopy as the initial diagnostic test for 
tuberculosis: a cluster-randomised trial embedded in South African 
roll-out of Xpert MTB/RIF. Lancet Glob Health 2015; 3: e450–57.

 13 Cox HS, Mbhele S, Mohess N, et al. Impact of Xpert MTB/RIF for 
TB diagnosis in a primary care clinic with high TB and HIV 
prevalence in South Africa: a pragmatic randomised trial. PLoS Med 
2014; 11: e1001760.

 14 World Health Organization. Consolidated guidelines on the use of 
antiretroviral drugs for treating and preventing HIV infection: 
what’s new. 2015. http://www.avac.org/sites/default/fi les/
resource-fi les/guidelines_Nov2015.pdf (accessed Jan 30, 2016).

 15 Temprano ANRS Study Group. A trial of early antiretrovirals and 
isoniazid preventive therapy in Africa. N Engl J Med 2015; published 
online Aug 27. DOI: 10.1056/NEJMoa1507198.

 16 Houben RM, Sumner T, Grant AD, White RG. Ability of preventive 
therapy to cure latent Mycobacterium tuberculosis infection in 
HIV-infected individuals in high-burden settings. 
Proc Natl Acad Sci USA 2014; 111: 5325–30.

 17 Koenig SP, Riviere C, Leger P, et al. High mortality among 
patients with AIDS who received a diagnosis of tuberculosis in the 
fi rst 3 months of antiretroviral therapy. Clin Infect Dis 2009; 
48: 829–31.

 18 Mfi nanga S, Chanda D, Kivuyo SL, et al. Cryptococcal meningitis 
screening and community-based early adherence support in people 
with advanced HIV infection starting antiretroviral therapy in 
Tanzania and Zambia: an open-label, randomised controlled trial. 
Lancet 2015; 385: 2173–82.

 19 Dart Trial Team, Mugyenyi P, Walker AS, et al. Routine versus 
clinically driven laboratory monitoring of HIV antiretroviral therapy 
in Africa (DART): a randomised non-inferiority trial. Lancet 2010; 
375: 123–31.

 20 Jindani A, Dore CJ, Mitchison DA. Bactericidal and sterilizing 
activities of antituberculosis drugs during the fi rst 14 days. 
Am J Respir Crit Care Med 2003; 167: 1348–54.

 21 Akolo C, Adetifa I, Shepperd S, Volmink J. Treatment of latent 
tuberculosis infection in HIV infected persons. 
Cochrane Database Syst Rev 2010; 1: CD000171.

 22 Samandari T, Agizew TB, Nyirenda S, et al. 6-month versus 
36-month isoniazid preventive treatment for tuberculosis in adults 
with HIV infection in Botswana: a randomised, double-blind, 
placebo-controlled trial. Lancet 2011; 377: 1588–98.

 23 Rangaka MX, Wilkinson RJ, Boulle A, et al. Isoniazid plus 
antiretroviral therapy to prevent tuberculosis: a randomised 
double-blind, placebo-controlled trial. Lancet 2014; 384: 682–90.

 24 Charalambous S, Grant AD, Innes C, et al. Association of isoniazid 
preventive therapy with lower early mortality in individuals on 
antiretroviral therapy in a workplace programme. AIDS 2010; 
24 (suppl 5): S5–13.

 25 Golub JE, Pronyk P, Mohapi L, et al. Isoniazid preventive therapy, 
HAART and tuberculosis risk in HIV-infected adults in 
South Africa: a prospective cohort. AIDS 2009; 23: 631–36.

 26 Durovni B, Saraceni V, Moulton LH, et al. Eff ect of improved 
tuberculosis screening and isoniazid preventive therapy on 
incidence of tuberculosis and death in patients with HIV in clinics 
in Rio de Janeiro, Brazil: a stepped wedge, cluster-randomised trial. 
Lancet Infect Dis 2013; 13: 852–58.



Articles

www.thelancet.com   Vol 387   March 19, 2016 1209

 27 Lawn SD, Wood R, De Cock KM, Kranzer K, Lewis JJ, 
Churchyard GJ. Antiretrovirals and isoniazid preventive therapy in 
the prevention of HIV-associated tuberculosis in settings with 
limited health-care resources. Lancet Infect Dis 2010; 10: 489–98.

 28 IeDea, Collaborations ARTC, Avila D, et al. Immunodefi ciency at 
the start of combination antiretroviral therapy in low-, middle-, 
and high-income countries. J Acquir Immune Defi c Syndr 2014; 
65: e8–16.

 29 Lawn SD, Kerkhoff  AD, Vogt M, Wood R. Diagnostic accuracy of a 
low-cost, urine antigen, point-of-care screening assay for 
HIV-associated pulmonary tuberculosis before antiretroviral 
therapy: a descriptive study. Lancet Infect Dis 2012; 12: 201–09.

 30 Peter JG, Zijenah LS, Chanda D, et al. Eff ect on mortality of 
point-of-care, urine-based lipoarabinomannan testing to guide 
tuberculosis treatment initiation in HIV-positive hospital inpatients: 
a pragmatic, parallel-group, multicountry, open-label, randomised 
controlled trial. Lancet 2016; published online March 9. http://dx.
doi.org/10.1016/S0140-6736(15)01092-2. 


	Empirical tuberculosis therapy versus isoniazid in adult outpatients with advanced HIV initiating antiretroviral therapy (REMEMBER): a multicountry open-label randomised controlled trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


